SUMMARY The effects of consanguineous marriages on couples' fertility and sterility were explored through an interview survey of 20 626 women, chosen randomly from the rural and urban areas of the North Arcot District of Tamil Nadu State. Qualified women investigators obtained relevant information about reproductive performances of all married women resident in well defined rural and urban samples chosen randomly from North Arcot District. For each marriage, a family pedigree was drawn, extending upwards to two earlier generations on both sides of each spouse, in order to determine the existence and type of consanguinity involved. Of marriages in rural areas, 46 -9 % were consanguineous, and in urban areas, 29 * 1 %. In more than 80 % of the consanguineous marriages, the spouses were first cousins or more closely related. The extent of primary and secondary sterility and the level of fertility were examined in relation to each type of consanguineous marriage with the duration of the marriage and the age of the woman.
Published reports on the heritability of fertility and on variations in fertility among inbred families are few and inconclusive (Pearson et al., 1899; Imaizumi et al., 1970; Williams and Williams, 1974) . Variations in fertility and sterility can be caused by several environmental factors or by specific genetic mechanisms. While some of these factors lead to greater reproductive losses and incapacity to conceive reproduction and development. An earlier paper dealt with inbreeding effects on reproductive losses and congenital malformations, on the basis of a comprehensive community study carried out in Tamil Nadu State during 1969 State during to 1975 (Rao and Inbaraj, 1977a) . In this paper the effects of consanguineous marriages on couples' fertility and sterility are described.
Materials and methods
The study was carried out in one of the 14 districts in the state of Tamil Nadu (formerly known as Madras State). This district (North Arcot) has a population of 3 76 million (Tamil Nadu District Census, 1971) Women interviewers, who were fluent in the local language (Tamil), and who had undergone the auxiliary-nurse midwives' course or some other basic course in health science, were appointed and given intensive training for the research project and in interview methods. Each interviewer was responsible for about 4000 people in the rural area and about 5000 in the urban area. For every 4 interviewers, there was a supervisor (female) and a co-ordinator (male).
The first stage of the study concentrated on mapping all houses and identifying each family. All the married women in these families were initially interviewed for general demographic details, and at subsequent visits subjected to an intensive interview, using a special questionnaire, to elicit information on: (a) Of all married women, 5 % were reinterviewed by supervisory personnel. Relevant data were coded, transferred to 80-column punch cards, and processed through IBM computer systems.
Definitions
Any married woman who had not produced a liveborn baby after consummation of marriage and unprotected sexual activity was considered to have 'primary sterility'. Any married woman who had no issue after the first liveborn baby, despite continuance of marriage and unprotected sexual activity, was considered to have 'secondary sterility'. The total number of live births that a woman had produced was taken as her level of fertility. The mean number of all live births in a group was taken as the average fertility for that group. All these indicators were further classified in terms of the age of the woman and the duration of her married life.
Results
The average inbreeding coefficients in the rural and urban areas were 0-0371 and 0-0204, respectively; 1920 1920-1929 1930-1939 1940-1949 1950 these are significantly higher than the rates prevalent in most parts of the world. Of the total number of marriages, 470% of the rural and 290% of the urban were consanguineous. In more than 800% of the consanguineous marriages, the spouses were first cousins or more closely related (Rao and Inbaraj, 1977b) . Women observed in the several types of consanguineous marriage are presented by the duration of marriage in Table 1 , and by their age groups (birth cohorts) in Table 2 . The percentages of sterility among the women by type of consanguinity and by duration of marriage are shown in Table 3 .
Nearly 60 % of the women who had been married for less than 5 years had not yet produced a liveborn baby. For marriages of 5 to 10 years' duration, the frequency was only 10%, and beyond 10 years of marriage, the frequency was around 4 in the rural and 6 % in the urban areas. Considering all durations, the sterility in the consanguineous marriages was lower by only 3 % in the rural and 1 % in the urban as compared to the non-consanguineous marriages.
Because of the large sample sizes involved, the difference in the rural area attained statistical significance (P<0-01). Analyses by degree of consanguinity revealed no monotonic change, with the first cousin marriages showing the lowest frequency of primary sterility. Within each duration, no significant difference existed between consanguineous and nonconsanguineous groups, nor were any consistent monotonic changes seen by degree of consanguinity. Thus, for women married 20 years or more the frequency of primary sterility was lower in the consanguineous than in the non-consanguineous, but the differences were not statistically significant. It is worth noting, however, the differences were much narrower in the rural than those seen in the urban area.
The frequencies of primary sterility by the age group of women and type of consanguineous marriage are given in Table 4 .
In all of the birth cohorts in the rural area, and all but one in the urban, the frequency of primary sterility was less in the consanguineous marriages than that in the corresponding non-consanguineous 1920 1920-1929 1930-1939 1940-1949 1950 group. However, the differences attained statistical The mean numbers of pregnancies, live births, and significance only occasionally.
living children per woman in the different types of The extent of secondary sterility by type of consanguineous marriages in the rural and urban consanguinity and in the various durations of areas are given in Table 7 . marriage are presented in Table 5 .
In the rural area, the first cousin marriages showed The frequency of secondary sterility was around the highest values for all the three, and with the 30% for marriages of less than 5 years, declining to large sample sizes these differences are statistically about 20 % among those married for 5 to 10 years, significant. In the urban area, the first cousin and remaining at 5 to 6 % thereafter. There were no marriages showed no such excess over the other types. significant differences in the frequencies of secondary When all of the consanguineous marriages are sterility among the consanguineous and non-con-taken together, significant differences exist only for sanguineous marriages, either in the rural or in the the number of pregnancies and the number of liveurban areas. Among the various consanguineous born babies in the rural group. marriages, it appears that the frequencies increase as
The mean levels of fertility, considering only the the relationship becomes closer; however, the number live-born by type of consanguineous differences do not attain statistical significance. The marriage among women with varying durations of frequencies of secondary sterility within each group marriage, are shown in Table 8 . based on duration of marriage show that there was No clear cut or uniform pattern can be discerned. hardly any significant difference between the con-However, in most of the groups, the highest value sanguineous and non-consanguineous marriages.
is seen for the first cousin matings. There are no Similar analyses by birth cohorts (Table 6) showed consistent trends according to the degree of conhardly any significant differences in the frequencies sanguineous marriage, and, in most instances, the of secondary sterility by type of consanguinity. differences are not statistically significant. In general, (Table 9 ) the above patterns are further confirmed, especially in women of the earliest birth cohort.
These trends are more uniformly seen in the rural than in the urban areas, where the differences are not so pronounced between the various types of consanguineous marriages.
Discussion
Divergent views are held by various investigators who have explored the relationship of inbreeding to sterility and fertility. These conclusions are obscured because of the great diversity of methods and indices used. On the basis of data obtained through correspondence in the USA with 'reputable' private physicians, Bemiss (1858) concludes that consanguinity results in low fertility. That this might possibly be due to the fact that nearly a third of the children were in some way defective, and the parents in many cases far below the average in vitality, has not been seriously considered. Two other studies in the USA, one based primarily on genealogies (Arner, 1908) and the other using Catholic parish records (Slatis et al., 1958) , conclude that consanguinity does not influence fertility. Though there is a high degree of inbreeding in such groups as the Amish and Hutterites, there appear to be no adverse effects, and in fact an increase in fertility can be seen (Eaton and Mayer, 1954; Cross and McKusick, 1970) .
While Darwin (1875) , using genealogical data in England, found a higher degree of sterility as well as of fertility in the consanguineous than in the nonconsanguineous marriages (though not statistically significant), Darlington (1960) , who compared the reproductive performance of descendants of cousin marriages and of matching controls, concludes that, (1) human stocks can maintain not only their greatest uniformity, but also their highest fertility with regular cousin marriages, and (2) the change to inbreeding provides the best possible means of selection for high fertility. On the basis of further Table 9 Mean number (± SE of mean) of live-born per woman by consanguinity and age of woman: rural and urban
Relationship
Year of birth Before 1920 Before 1920 Before -1929 Before 1930 Before -1939 Before 1940 Before -1949 Before 1950 (Sutter and Tabah, 1953) . Similarly, studies of Kurdish Jews (Goldschmidt et al., 1963) and studies in Canada (Philippe, 1973) found no inbreeding effects on fertility.
Geographical studies ofconsanguineous marriages, as opposed to studies based on church records or specific population isolates, are relatively rare. One significant study was based in Hiroshima and Nagasaki in Japan (Schull and Neel, 1965) , and a further extension in another area, Hirado (Schull et al., 1970) . The Japanese studies showed that the total pregnancies and total live births increased significantly with parental consanguinity, but that 'net fertility', defined as the 'total live births minus non-accidental deaths prior to the age of 21 years', did not. Another study in Brazil (Freire-Maia and Azevedo, 1971) reported higher fertility among consanguineous marriages, but attributed this differential to the longer mean cohabitation time for the consanguineous couples compared to the controls. In a more recent communication, FreireMaia and Krieger (1975) Sterility in humans may occur because of the production of lethal genotypes, but such instances should be rare (Stern, 1960 The role of reproductive compensation in the maintenance of genetic variability was first suggested in the context of the Rh blood-group system (Race, 1944; Reed, 1971 ). Studies at Hirado, Japan have provided cogent reasons for considering reproductive compensation as an important factor in the increase in fertility to match the reproductive losses caused by genes, thereby making the net fertility more or less the same between consanguineous and non-consanguineous marriages (Schull and Neel, 1972) . It is possible that because of the high infant and early childhood mortality, reproductive compensation takes place. However, in the present studies only marginal differences are noted between consanguineous and non-consanguineous matings in terms of fetal or infant losses. These differences attain statistical significance mainly because of the very large samples involved; otherwise they may not have much practical significance. If reproductive compensation exists, then there is likely to be an almost full replacement of defective persons, and consequently a reduction in the frequencies of recessive lethal genes. The situation in south India may thus reflect the effects of long term inbreeding, as distinguished from the short term effects documented in inbred populations. Further evaluation of the long term aspects of continued inbreeding, especially when reproductive compensation exists, is, however, necessary before drawing conclusions on the gene influences in the production of deleterious effects among the offspring of consanguineous matings.
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